A Gram-stain-positive, short rod-shaped and motile, mildly halotolerant, endospore-forming bacterium, FJAT-13985 T , was isolated from the internal tissues of Mesona chinensis root. Strain FJAT-13985 T grew at 20-45 6C (optimum 30 6C) and pH 5.7-9.0 (optimum pH 7.0) and in the presence of 0-2 % (w/v) NaCl [optimum 1 % (w/v)]. The strain was catalase-positive and oxidase-negative. The cell wall of strain FJAT-13985 T contained meso-diaminopimelic acid and the predominant isoprenoid quinone was MK-7 (97.4 %). The major fatty acids of the strain were anteiso-C 15 : 0 (23.3 %) and iso-C 15 : 0 (40.8 % 
T , was 36.63 %. The phenotypic, chemotaxonomic and genotypic properties clearly indicate that strain FJAT-13985 T represents a novel species of the genus Bacillus, for which the name Bacillus mesonae sp. nov. is proposed. The type strain is FJAT-13985 T (5DSM 25968 T
5CGMCC1.12238 T ).
The genus Bacillus, which comprises many species displaying a variety of physiological, genetic and chemotaxonomic characteristics, was first described by Cohn in 1872 (Ash et al., 1991; Rössler et al., 1991; Xu & Cô té, 2003) . Members of the genus Bacillus can occupy diverse ecological niches and have been isolated from various sources, including soil (Logan et al., 2004) , pond (Albuquerque et al., 2008) and clinical samples (Ko et al., 2006) . Recently, the number of species allocated to this genus increased incredibly to 148 species [counted in the 2nd edition of Bergey's Manual of Systematic Bacteriology (Logan & De Vos, 2009) ]; many strains are endophytes isolated from the inner tissues of various plants, such as a cotton plant, Bacillus endophyticus (Reva' et al., 2002) , from a soybean root, Bacillus endoradicis (Zhang et al. 2012) , and from a coastal dune plant, Bacillus graminis (Bibi et al., 2011) . In this investigation into endophytic bacterial diversity within Mesona chinensis roots strain FJAT-13985 T , an aerobic Gram-stain-positive bacterium, was isolated and showed 98.4 % 16S rRNA gene sequence similarity to the closely related reference species used in experiments, Bacillus drentensis DSM 15600 T . We therefore suspected that a novel species might be present in M. chinensis roots. In the present polyphasic taxonomic study, based on 16S rRNA analysis, DNA-DNA hybridization, phenotypic analysis etc., the appropriate taxonomic allocation for strain FJAT-13985 T was established.
More than 10 plants of M. chinensis from more than 666 m 2 of field were sampled, the roots were cut and mixed together. From this mixture, 10 g of plant roots was obtained for experiments. The collecting sites were in Fuqing County, Fuzhou City, Fujian Province, PR China. Strain FJAT-13985 T was isolated originally on nutrient agar (NA) containing the following (L-1): 5 g NaCl, 10 g peptone, 5 g beef extract and 15 g agar. pH was adjusted to 7.2 plates that had been seeded with a tissue suspension of M. chinensis roots using the dilution plating technique of one in ten series dilutions and incubated at 30 u C for 48 h. Collected roots were washed with tap water and surface-sterilized with 75 % (v/v) ethanol for 3 min and 10 % the sodium hypochlorite solution was 10 % (v/v) sodium hypochlorite solution for 5 min, followed by rinsing with sterile double-distilled water (ddH 2 O). The surface-sterilized root mass was pulverized in a ceramic mortar and diluted with sterile ddH 2 O using the standard dilution plating technique. Several colonies formed on one of the plates. The isolated strain was subcultured several times to obtain a purified culture, which was examined by light microscopy. The isolate was preserved both on NA slants at 4 u C and in 20 % (v/v) glycerol at 280 u C. Three reference strains, B. drentensis DSM 15600 T , Bacillus vireti DSM 15602 T and Bacillus novalis DSM 15603 T , were purchased from DSMZ and used in physiological and biochemical tests, to determine fatty acid profiles and for DNA-DNA hybridizations.
Cell morphology and motility were observed using a light microscope (Leica DMI3000B). Gram staining and the KOH lysis test were carried out according to the methods of Smibert & Krieg (1994) and Gregersen (1978) , respectively. Endospores were examined according to the Malachite green staining method (Dong & Cai, 2001) . Growth was tested at various temperatures (5-50 u C, in increments of 5 u C), pH values (5.0-10.0, in increments of 1 pH unit), and for NaCl tolerance [0-10 % (w/v), in increments of 1 % (w/v)] in nutrient broth (NB) (Atlas, 1993) at 180 r.p.m. for 3 days, and measured from the OD values at a wavelength of 600 nm using UV spectrophotometry (Shimadzu UV-2550).
Catalase activity was determined by investigating bubble production with 3 % (v/v) H 2 O 2 , and oxidase activity was determined using 1 % (v/v) tetramethyl p-phenylenediamine (Chen et al., 2007) . Physiological characteristics, such as Voges-Proskauer tests, determination of hydrogen sulfide production, hydrolysis of aesculin, DNA, gelatin and starch, urease and indole production, and nitrate reduction were performed using API 20E strips (bioMérieux). Acid production from carbohydrates was determined by using the API 50CHB system (bioMérieux).
The cellular fatty acid profiles of strain FJAT-13985 T , B. drentensis DSM 15600 T , B. vireti DSM 15602 T and B. novalis DSM 15603
T were analysed three times and determined according to the protocol of the Sherlock Microbial Identification System (MIDI) (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) . Preparation of the cell wall and determination of the peptidoglycan composition were performed using the methods described by Hasegawa et al. (1983) . Isoprenoid quinones were extracted and analysed by HPLC according to the methods of Groth et al. (1996) .
Genomic DNA was extracted following the method described by Hopwood et al. (1985) . The 16S rRNA gene sequence was amplified by PCR with the universal primers 27F (59-AGAGTTTG ATCCTGGCTCAG-39) and 1492R (59-GGTTACCTTGTTACGACTT-39). Amplification was carried out with a DNA thermal cycler (Applied Biosystems Gene Amp PCR System 2700) according to the following programme: 95 u C for 10 min, 30 cycles of 94 u C for 0.5 min, 50 u C for 1 min and 72 u C for 2 min and a final extension at 72 u C for 10 min. PCR products were purified and sequenced by Shanghai Biosune (Shanghai, PR China) with an Applied Biosystems automatic sequencer (ABI 3730). The 16S rRNA gene sequence of strain FJAT-13985 T was compared and aligned with available sequences in the EzTaxon-e database (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . A neighbour-joining phylogeny (Saitou & Nei, 1987) was reconstructed in MEGA4 (Tamura et al., 2007) using pairwise deletion gaps and the Jukes-Cantor distance calculation (Jukes & Cantor, 1969) after multiple alignments of data by CLUSTAL_X (Thompson et al., 1997) . Bootstrap calculations were based on 1000 replications (Felsenstein, 1985) . DNA-DNA hybridization was performed using a modification of the optical renaturation method described by De Ley et al. (1970) , Huss et al. (1983) and Jahnke (1992) , using a UV-1206 spectrophotometer (Shimadzu) equipped with a TB-85 thermobath. The renaturation rates were computed using the TRANSFER. BAS program (Jahnke, 1992) . The G+C content of DNA was determined using the thermal denaturation method described by Marmur & Doty (1962) using Escherichia coli K-12 DNA as calibration standard.
Strain FJAT-13985 T was Gram-stain-positive and cells were endospore-forming, motile, aerobic, straight rods (0.6-1.2 mm62.2-2.7 mm) (Fig. S1a , available in the online Supplementary Material). Colonies on NA were pale yellow, flat, opaque with glistening surfaces and circular/ slightly irregular margins after incubation at 30 u C for 48 h (Fig. S1b) . Growth was observed at temperatures ranging from 20 to 45 uC (optimum 30 uC) and a pH range from 5.7 to 9.0 (optimum pH 7.0) and with 0-2 % (w/v) NaCl [optimum 1 % (w/v)]. The isolate had catalase activity but no oxidase activity. Nitrite was not produced from nitrate and indole was not formed. Aesculin was hydrolysed but no hydrolysis of casein and gelatin was observed. Ornithine decarboxylases, H 2 S, lysine decarboxylase, arginine dihydrolase and tryptophan deaminase were not produced. In particular, the isolate could be differentiated from the reference strains B. drentensis DSM 15600 T , B. vireti DSM 15602
T and B. novalis DSM 15603 T in that it was positive for the utilization of cellobiose and raffinose, whilst being negative for the utilization of glucose and fructose. Additional phenotypic properties of strain FJAT-13985 T and the type strains of related species of the genus Bacillus are summarized in Table 1 .
The DNA G+C content of strain FJAT-13985 T was 41.64 mol%; this value was in the range of related species of the genus Bacillus, which range from 35.6 to 44.8 mol% (Logan et al., 2000; Yoon et al., 2001; Kanso et al., 2002; Heyrman et al., 2004; Tiago et al., 2006; Ten et al., 2007; Vaishampayan et al., 2010; Zhang et al., 2010; Seiler et al., 2012) . However, it was larger than the range for B. drentensis DSM 15600 T , B. vireti DSM 15602 T and B. novalis DSM 15603 T , which have values of 39.3-39.4, 39.8-40.3 and 40.0-40.5 mol%, respectively. (Heyrman et al., 2004) . The strain contained meso-diaminopimelic acid as the diamino acid in the cell-wall peptidoglycan, which is the same as the large majority of members of the genus Bacillus (Priest et al., 1988) . The predominant isoprenoid quinone was MK-7 (97.4 %). The major fatty acids were iso-C 15 : 0 (40.8 %), anteiso-C 15 : 0 (23.3 %), and iso-C 17 : 0 (6.2 %), which comprised approximately 70.4 % of the Table 2 ).
The 16S rRNA gene sequence of strain FJAT-13985 T was a continuous stretch of 1429 bp. In the neighbour-joining tree, strain FJAT-13985 T was placed in a cluster within the genus Bacillus (Fig. 1) (Wayne et al., 1987; Stackebrandt & Goebel, 1994; Stackebrandt et al., 2002) . Many members of the genus Bacillus with .98.5 % 16S rRNA gene sequence similarity are considered to be representatives of distinct species. Zhang et al. (2010) isolated one strain, H2 T , with 97.7 % 16S rRNA gene sequence similarity to the nearest phyletic species, B. nealsonii FO-92 T , but proposed that it was a novel species, Bacillus oceanisediminis, due to differential phenotypic profiles and 27.5 % DNA-DNA reassociation with B. nealsonii T . This occurred similarly in the discovery of the type strains of Bacillus bataviensis, Bacillus soli, B. drentensis, B. novalis and B. vireti, which all showed 98.7-99.6 % pairwise similarity, but 23-36 % DNA-DNA relatedness values (Ko et al., 2006) . Furthermore, Goodfellow et al. (1998) reported that DNA-DNA relatedness provides a reliable way of distinguishing between representatives of different species that have high 16S rRNA gene sequence similarity. In the present study, levels of DNA-DNA relatedness between FJAT-13985 T and B. drentensis 15600 T , B. vireti 15602 T and B. novalis 15603 T were 36.63, 32.08 and 12.11 %, respectively; all below the 70 % cut-off point for the delineation of novel species. These results indicate that strain FJAT-13985 T should be considered to represent a novel species of the genus Bacillus.
Therefore, the phenotypic (morphologic, biochemical and chemotaxonomic) and genotypic (DNA G+C content, 16S rRNA gene sequence similarity and DNA-DNA relatedness) properties of strain FJAT-13985 T support its classification as a representative of a novel species of the genus Bacillus, for which the name Bacillus mesonae sp. nov. is proposed.
Description of Bacillus mesonae sp. nov.
Bacillus mesonae (me.so9na.e. N.L. gen. n. mesonae of Mesona, isolated from the root of Mesona chinensis).
Colonies are pale yellow, with brownish soluble pigmentation, and flat with irregular margins. Cells are rod-shaped, Raffinose 
